Aims The prediction of future heart failure (HF) in stable outpatients is often difficult for general practitioners and cardiologists. Recently, the H 2 FPEF score (0-9 points) has been proposed for the discrimination of HF with preserved ejection fraction from non-cardiac causes of dyspnoea. The six clinical and echocardiographic variables that constitute the H 2 FPEF score include the following: (i) obesity (H); (ii) the use of ≥2 antihypertensive drugs (H); (iii) atrial fibrillation (F); (iv) pulmonary hypertension (P); (v) an age > 60 years (E); and (vi) E/e' > 9 (F). We performed an external validation study that investigated whether the H 2 FPEF score could predict future HF-related events in stable outpatients with cardiovascular risk factor(s) in Japan.
Introduction
The prevalence of heart failure (HF) has been increasing worldwide, especially in elderly populations. In the United States, the cost for HF management including healthcare services, medications, and lost productivity exceeded $30 billion in 2013, indicating that the economic burden of HF management is increasing. 1 Although it is imperative to establish improved management for HF, the prediction of HF is often difficult for general practitioners and cardiologists. To make effective use of limited medical resources, it is important to detect high-risk patients for HF in routine clinical practice.
Most recently, the H 2 FPEF score (0-9 points) has been proposed for the discrimination of HF with preserved ejection fraction (HFpEF) from non-cardiac causes of dyspnoea and to assist in determination of the need for further diagnostic testing in the evaluation of patients with unexplained exertional dyspnoea in a Bayesian approach. 2, 3 The six clinical and echocardiographic variables that constituted the H 2 FPEF score included the following: (i) a body mass index (BMI) > 30 kg/m 2 (H); (ii) the use of ≥2 antihypertensive drugs (H); (iii) the presence of atrial fibrillation (AF) (F); (iv) pulmonary hypertension defined as pulmonary artery systolic pressure (PAP) >35 mmHg (P); (v) an age > 60 years (E); and (vi) elevated filling pressures evident from E/e' > 9 (F). The presence of paroxysmal or persistent AF yields 3 points, a BMI > 30 kg/m 2 yields 2 points, and all of the other criteria listed above yield 1 point. This score enables robust discrimination of HFpEF from noncardiac causes of dyspnoea at low and high scores, while identifying patients at intermediate probability in whom additional testing is needed to refine the diagnosis. 2, 3 Although the H 2 FPEF score provides properly derived and validated diagnostic algorithms to predict HFpEF, the relevance between the numerical value of each point indicated by this score and the prognosis for future HF events is not clear. Also, the six clinical and echocardiographic variables that are included in the H 2 FPEF score are known to be important as pathogenetic and prognostic factors for HF. [1] [2] [3] [4] These findings suggest the possible utility of the H 2 FPEF score in predicting future HF events in stable outpatients with cardiovascular risk factor(s) in routine clinical practice.
The present prospective cohort study was performed as an external validation study, and it examined whether the H 2 FPEF score could identify stable outpatients with cardiovascular risk factors(s) at high risk for future HF-related events.
Methods

Study patients
Between September 2010 and July 2013, we enrolled 551 consecutive, stable Japanese outpatients who visited Ozawa Clinic with at least one cardiovascular risk factor, defined below in detail. Since then, we have conducted a longitudinal cohort study in those patients. We recorded each patient's medical history and relevant clinical characteristics. A detailed description of this study has been published previously. 5 In the 551 stable outpatients, we excluded 75 outpatients for the following reasons: left ventricular ejection fraction (LVEF) <50% (n = 29), hypertrophic or dilated cardiomyopathy (n = 29), cardiac sarcoidosis (n = 2), and greater than or equal to moderate heart valve disease or post-valve replacement (n = 15). We also excluded 120 outpatients who did not have E/e', tricuspid regurgitation peak gradient (TRPG), or inferior vena cava (IVC) diameter measured by echocardiography. The remaining 356 outpatients (171 men, 185 women) with complete data were included in the present analysis ( Figure 1 ).
Unstable and high-risk outpatients were excluded at the time of enrollment. These included those with acute phase HF decompensation and those with acute coronary syndrome who required emergency coronary angiography, defined as either acute myocardial infarction or class II/III unstable angina by Braunwald's classification. Furthermore, we also excluded patients with advanced chronic obstructive pulmonary disease, advanced collagen disease, active inflammatory disease, severe liver dysfunction, neoplasms, and estimated glomerular filtration rate (eGFR) < 15 mL/min/1.73 m 2 at the time of enrollment.
The cardiovascular risk factors were defined as hypertension (HT) ( 
Ethics statement
This study was conducted in accordance with the principles contained in the Declaration of Helsinki. The study protocol was approved by the Human Ethics Review Committee of Kumamoto University (approval number: 1627). Signed consent was obtained from each participant. This study is registered at the University Hospital Medical Information Network (UMIN) Clinical Trials Registry (UMIN 000035217). Opt-out materials are available through the website: http://www. kumadai-junnai.com/en/. This study was supported by research funds from Ozawa Clinic.
Clinical variables, electrocardiogram, and echocardiography
The eGFR was calculated using the Japanese Society of Nephrology formula at the time of enrollment. 6 An electrocardiogram was obtained, and echocardiography was performed within 6 months after enrollment. We used commercially available ultrasound systems (EUB-7500, Hitachi, Tokyo, Japan) to evaluate cardiac function. Measurement of the LVEF was performed in the biplane apical (2chamber and 4-chamber) views using a modified Simpson's method. The left atrial diameter, left atrial volume index (LAVI), ratio of early transmitral flow velocity to early diastolic mitral annular velocity by tissue Doppler at the septal side (E/ e'[septal]), left ventricular mass index, TRPG, and IVC diameter were measured. PAP was calculated as (4 × TRPG) + right atrial pressure (estimation by IVC diameter). [7] [8] [9] We calculated the H 2 FPEF score for each outpatient and divided them into three groups (low score [0-1 point], intermediate [2-5 points], and high [6-9 points]) according to previous studies. 2, 3 Follow-up and heart failure-related events
We followed up all patients prospectively every month with information about HF-related events from the patients themselves, their families, and/or their affiliated hospitals. The primary endpoint was an HF-related event that consisted of a composite of cardiovascular death and hospitalization for HF decompensation. Cardiovascular death was defined as death because of myocardial infarction, congestive heart failure, or documented sudden death without an apparent noncardiovascular cause. Hospitalization for HF decompensation was diagnosed if the patient was hospitalized with typical HF symptoms and objective signs of worsening HF that required intravenous drug administration.
Statistical analyses
Continuous values were expressed as the mean ± standard deviation, whereas data with a skewed distribution were expressed as the median (interquartile range). The frequencies of clinical variables and drugs were compared between three groups (low, intermediate, and high H 2 FPEF score) using a Χ 2 analysis. For continuous variables, an ANOVA or Kruskal-Wallis test was performed to compare the three groups, as appropriate.
A Cox proportional hazards regression analysis was performed to identify independent predictors of the primary Figure 1 Flow chart of patient enrollment in the present study.AF, atrial fibrillation; CAD, coronary artery disease; CKD, chronic kidney disease; DCM, dilated cardiomyopathy; DLP, dyslipidemia; DM, diabetes mellitus; E/e', the ratio of early transmitral flow velocity to early diastolic mitral annular velocity by tissue Doppler (septal); HCM, hypertrophic cardiomyopathy; HT: hypertension; IVC, inferior vena cava diameter; LVEF: left ventricular ejection fraction; LVH: left ventricular hypertrophy; TRPG: tricuspid regurgitation peak gradient. endpoint (HF-related events). In the multivariate Cox proportional hazards analysis, we input variables that were statistically significant in the univariate Cox proportional hazards analyses. Although age, AF, E/e', and PAP were statistically significant in the univariate Cox proportional hazards analyses, we did not input these variables in the multivariate Cox proportional hazards analysis because these variables overlapped with components of the H 2 FPEF score.
Survival curves for HF-related events were determined using the Kaplan-Meier method. Survival curves were compared between three groups with different H 2 FPEF scores using a log-rank test, as appropriate.
Receiver operating characteristic (ROC) curves were constructed for the H 2 FPEF score to predict future HF-related events. The area under the curve (AUC) was calculated to predict future HF-related events. We defined the cutoff value of the H 2 FPEF score utilizing the sensitivity, specificity, and likelihood ratio for future HF-related events.
The SPSS version 24.0 (IBM Japan, Tokyo, Japan), R version 3.5.1 (R Project for Statistical Computing, Vienna, Austria), and Bell Curve for Excel, version 3.00 (Social Survey Research Information, Tokyo, Japan) were used for statistical analyses, as appropriate. Statistical significance was defined as a P value <0.05.
Results
Baseline clinical characteristics
The clinical characteristics and H 2 FPEF scores in all 356 outpatients are shown in Table 1 , and the distribution of the H 2 FPEF scores is shown in Figure 2 , respectively. The average H 2 FPEF score of all 356 outpatients was 3.1 ± 1.8. As shown in Table 1 , the patients with a high H 2 FPEF score were older and had a higher prevalence of DM and AF, lower eGFR, higher Nterminal pro-B-type natriuretic peptide (NT-proBNP) level, enlarged LAVI, increased E/e' (septal), reduced LVEF, and a higher PAP. Also, the patients with a higher H 2 FPEF score had a higher prescription rate of ACE-I/ARB, beta-blocker, loop diuretics, MRA, and anticoagulant drugs.
Clinical characteristics of H 2 FPEF score
Supporting Information, Table S1 shows the clinical characteristics of the H 2 FPEF score in the study groups. The patients with a high H 2 FPEF score had higher prevalence of BMI ≥30 kg/m 2 , the use of ≥2 antihypertensive drugs, AF, PAP ≥30 mmHg, ≥60 years, and E/e' (septal) ≥9 compared with those in the groups with intermediate and low H 2 FPEF scores.
Prediction of future heart failure-related events by the H 2 FPEF score
The mean follow-up period was 517 days for all study patients. Of the 356 patients, 15 developed HF-related events during the follow-up period, including cardiovascular death (n = 2) and hospitalization for HF decompensation (n = 13) ( Table 2 ). The incidence of cardiovascular death and hospitalization for HF decompensation was significantly and gradually increased according to the H 2 FPEF score.
Supporting Information, Table S2 shows the clinical characteristics of the H 2 FPEF score between those with and without HF-related events. The patients with HF-related events were older and had significantly higher H 2 FPEF scores. In addition, they also had a higher prevalence of LVH, AF, lower eGFR, higher NT-proBNP level, enlarged LAVI, increased E/e' (septal), and a higher PAP. Also, the patients with HF-related events had a higher prescription rate of ACE-I/ARB, loop diuretics, and anticoagulant drugs.
Univariate Cox proportional hazards analysis showed that the H 2 FPEF score, age, history of AF, eGFR, NT-proBNP, LAVI, E/e' (septal), LVEF, and PAP were significantly associated with future HF-related events ( Table 3) . Multivariate Cox proportional hazards analysis including the factors that were significant in the univariate Cox proportional hazards analysis showed that the H 2 FPEF score was an independent predictor of future HF-related events ( Table 4) .
Kaplan-Meier analysis showed a significantly higher probability of primary endpoints (HF-related events) over time in the patients with a high H 2 FPEF score (6-9 points) in proportion to a higher H 2 FPEF score during the follow-up period (P<0.001) ( Figure 3 ).
Receiver operating characteristic curve analyses to predict future heart failure-related events
We calculated the sensitivity, specificity, and likelihood of the H 2 FPEF score and constructed ROC curves to compare the ability of the different H 2 FPEF scores to predict future HFrelated events. The ROC curve analysis showed that the H 2 FPEF score was significantly associated with the occurrence of future HF-related events (three groups: AUC 0.78, 95%, confidence interval 0.66-0.89, P < 0.001; 0-9 points: AUC 0.77, 95% confidence interval 0.63-0.91, P < 0.001). There was no significant difference of the AUC between the H 2 FPEF scores in the three groups and those with an H 2 FPEF score of 0-9 points for the prediction of future HF-related events (P = 0.89) (Supporting Information, Figure S1 ). The sensitivity, specificity, and positive likelihood ratio (LR+) of the ROC curve in patients with a high H 2 FPEF score (6-9 points) to predict HF-related events were 60%, 90%, and 5.9, respectively. The sensitivity, specificity, and LR+ of the ROC curve in those with an H 2 FPEF score of 7 points to predict future HF-related events were 47%, 96%, and 11.4, respectively (Supporting Information Table S3 ).
Discussion
The major findings of the present study were as follows: (i) the average H 2 FPEF score was 3.1 ± 1.8 in stable outpatients with cardiovascular risk factor(s); (ii) stable outpatients with a higher H 2 FPEF score developed HF-related events more frequently during the follow-up period than those with low and intermediate scores; (iii) multivariate Cox proportional hazards analysis showed that the H 2 FPEF score was an independent predictor of future HF-related events in stable outpatients with cardiovascular risk factor(s); (iv) Kaplan-Meier analysis showed that the outpatients with a higher H 2 FPEF score had increased HF-related events compared with those in the groups with low and intermediate H 2 FPEF scores; and (v) the best cutoff level of the H 2 FPEF score for HF-related events was 7 points. To the best of our knowledge, the present study is the first to report that the H 2 FPEF score can provide a useful prognostic tool for HF management in stable outpatients with cardiovascular risk factor(s). The H 2 FPEF score was proposed to discriminate HF from non-cardiac causes of dyspnoea in patients with high scores (6-9 points) and to assist in the determination of the need for further diagnostic testing in the evaluation of patients with unexplained exertional dyspnoea. 2, 3 The six clinical variables that composed the H 2 FPEF score were (i) a BMI > 30 kg/m 2 ; (ii) use of ≥2 antihypertensive drugs; (iii) AF; (iv) PAP > 35 mmHg; (v) age > 60 years; and (vi) E/e' > 9. These six variables have been reported to be not only risk factors for HF, but also prognostic factors, 1,10-14 suggesting that the H 2 FPEF score has the ability to predict future HF-related events in stable outpatients with cardiovascular risk factor (s). Especially, the presence of paroxysmal or persistent AF yields 3 points in calculating the H 2 FPEF score (other components yield 1 or 2 points). 2 In the present study, all patients with a high H 2 FPEF score (6-9 points) had AF ( Table 1) . Previous reports indicated that AF is a particularly important factor for HF management among several factors (e.g. aging, obesity, smoking, HT, DM, DLP, anaemia, CKD, depression, etc.). 1, 15, 16 It is also necessary to examine the association between AF and HF in detail because HF patients with AF would have a high rate of mortality and rehospitalization. 17, 18 Thus, the H 2 FPEF score, including the component of AF, could be a useful tool for HF management in routine clinical practice.
Together with an aging society, cases of HF are steadily increasing, and 500 000 individuals are newly diagnosed in the United States annually with HF, especially in elderly populations. 1, 19, 20 Moreover, it has been reported that HF patients have a high mortality risk and high rate of rehospitalization. 21, 22 For HF, which is also a social problem, our previous reports have shown that plasma natriuretic peptide level, 23 serum aldosterone level, 24 peripheral endothelial dysfunction, 25 plasma pentraxin 3, 26 plasma neopterin concentration, 27 and pulse pressure 28 were potent factors for pathogenesis as well as prognosis. However, the prediction of future HF events is still difficult for general practitioners and cardiologists. Therefore, the establishment of a new and simple risk stratification tool for HF prediction is needed in modern society for decreasing the economic burden of HF. Based on these observations, we performed an external validation study to determine whether the H 2 FPEF score could predict future HF in stable outpatients with cardiovascular risk factor(s). Based on our results, we propose that the H 2 FPEF score could be a simple and useful tool for the prediction of future HF-related events for general practitioners as well as cardiologists.
In the present study, the H 2 FPEF score was an independent predictor of future HF-related events by multivariate Cox proportional hazards analysis (Tables 3 and 4) . On the other hand, eGFR, NT-proBNP, LAVI, and LVEF were significant in univariate Cox proportional hazards analysis, but failed to be associated with future HF-related events in multivariate Cox proportional hazards analysis. These factors have been reported to be associated with the occurrence of HF. 1, 5, 10, [20] [21] [22] [23] 29, 30 However, in the original paper that proposed the H 2 FPEF score, these factors did not add incremental information to clinical factors in diagnosing HF among patients with unexplained dyspnoea. 2 Additionally, in the present study, eGFR, NT-proBNP, LAVI, and LVEF were significantly correlated with the H 2 FPEF score in multiple regression analysis (eGFR: P = 0.013, NT-proBNP: P <0.001, LAVI: P <0.001, LVEF: P = 0.0028). Based on these observations, the H 2 FPEF score could serve as an important alternative to these factors. A further large-scale clinical trial is needed in an independent study population.
We proposed a cutoff value of 7 points for the H 2 FPEF score to predict future HF-related events in stable outpatients with cardiovascular risk factor(s) in the present study. The sensitivity, specificity, and LR+ of an H 2 FPEF score of 7 points to predict future HF-related events were 47%, 96%, and 11.4, respectively (Supporting Information, Table S3 ). Some reports indicated that likelihood ratios above 10 provide strong evidence to make a definitive diagnosis in most circumstances. 31, 32 Thus, we considered that an H 2 FPEF score of 7 points was a clinically meaningful cutoff point from the viewpoint of specificity and LR+ in the present study. This suggests that more careful observation and intensive risk reduction treatment could be needed to treat outpatients with a high H 2 FPEF score (≥7 points).
To our best knowledge, the present external validation study is the first to investigate the association between the H 2 FPEF score and future HF-related events in stable outpatients with cardiovascular risk factor(s). Although the H 2 FPEF score was originally proposed to discriminate HFpEF from non-cardiac causes of dyspnoea in the evaluation of patients with unexplained exertional dyspnoea, 2,3 the present study suggested that the H 2 FPEF score could also be a useful tool to predict future HF-related events, even in stable outpatients with cardiovascular risk factor(s). Each of the components of the H 2 FPEF score is simple, low cost, and widely applicable, and calculating the score is easy in routine clinical practice. The H 2 FPEF score could be a useful tool not only for cardiologists, but also general practitioners in routine clinical practice.
Study limitations
The present study has several limitations. First, it was a single-centre study with a relatively small sample size. Second, the H 2 FPEF score was originally proposed to discriminate HFpEF from non-cardiac causes of dyspnoea in the patients with unexplained exertional dyspnoea, 2,3 not in stable outpatients with cardiovascular risk factor(s). Third, the present study included only Japanese outpatients. Our results may not be applicable to other ethnic populations. Fourth, the present study was observational (prospective cohort study), and the patients received no specific intervention or therapy. Further analyses and recalibration may be needed in a larger and independent population.
Conclusions
A high H 2 FPEF score was associated with future HF-related events in stable outpatients with cardiovascular risk factor (s), and we propose a cutoff of 7 points for the H 2 FPEF score for future HF-related events in those outpatients.
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